ABSTRACT. Maize (Zea mays L.) is among the crops with the greatest worldwide economic importance. Ear height is a very important trait that is considered necessary in maize and is related to morphology, lodging, and yield. To realize its genetic basis, an F 9 recombinant inbred line population and a genetic map consisting of 101 simple sequence repeat markers were used to detect the quantitative trait locus (QTL) for ear height, and the result showed that one QTL on chromosome 1 was identified with a mapping interval of 5 cM to its linked marker Umc1358. The QTL from elite inbred line Mo17 could explain 9.55% of the phenotypic variance, and because of the additive effect, it could result in an ear height increase of 4.86 cm. This result was beneficial for understanding the genetic basis of ear height in maize.
INTRODUCTION
Maize (Zea mays L.) is among the crops with the greatest worldwide economic importance. It has been used as human and animal food, as well as raw material in the high-technology industry. In terms of breeding, it is one of the most studied species and has been used as a model in many situations (Sabadin et al., 2008) . Among the various traits that are normally considered in breeding programs, plant morphology is one of the most important traits; thus, improving the plant morphology is regarded as a significant goal for improving maize yield (Wang et al., 2008) .
Ear height is a trait that is considered necessary in the maize breeding project. It is related to morphology, lodging, and yield; therefore, understanding its genetic basis has important theoretical and practical meaning. Quantitative trait locus (QTL) mapping is a wellreasoned solution to realize the genetic basis of traits in crop breeding. Currently, there are many studies on the QTL that affect agronomic traits in maize, such as yield (Coque and Gallais, 2006; Ribaut et al., 2007) , florescence (Szalma et al., 2007; Liu et al., 2010) , and plant morphology (Ku et al., 2010) . With respect to the ear height trait, some QTL were also identified from published reports (Kraja and Dudley, 2000; Flint-Garcia et al., 2003; Lima et al., 2006; Yang et al., 2008) . Nevertheless, different studies provided different results, including QTL number, distribution, and genetic effect. This could probably be explained by many differences, including parental materials, segregation-population types, ecological conditions, and genetic maps. For example, Lima et al. (2006) used maize inbred lines L-20-01F and L-02-03D as parental lines, and 9 QTL for ear height were located on chromosomes 2 (two), 3 (two), 4 (one), 7 (one), 9 (two), and 10 (one). In the report by Sibov et al. (2003) , L-08-05F and L-14-4B were employed as parents, and 5 QTL were identified on chromosomes 1 (one), 7 (three), and 9 (one). Additionally, previous segregation populations that were used to detect the QTL for maize ear height were mainly based on temporal F 2 (Wu et al., 2005; Zhang et al., 2006a) , while a recombinant inbred line (RIL) population that possessed the trait of immortality was hardly applied.
Therefore, an RIL population derived from Mo17 x Huangzao4 was used to map the QTL associated with maize ear height in our study. The objectives of this study were to understand more clearly the genetic basis of ear height and look for the molecular marker that can be used in marker-assisted selection breeding in maize.
MATERIAL AND METHODS

Plant materials
The plant materials in this study included maize inbred lines Mo17 and Huangzao4 and an F 9 RIL population consisting of 239 RILs. Mo17 and Huangzao4 are the representa-tive lines of Lancaster and Tangsipingtou heterotic groups, respectively. The RIL population was derived from the cross between the 2 parental lines, Mo17 and Huangzao4.
Field experiments and statistical analyses
All of the 241 lines were sown in a completely randomized design with 6 replicates at the experiment field (Shanxi Academy of Agricultural Sciences, Xinzhou City, Shanxi Province, China) that had single-row planting for each replicate, 20 plants per row, 66.7-cm row intervals, and 25-cm plant intervals within a row. During florescence, the middle 10 plants of every replicate of each line were individually investigated for ear height. In total, 60 plants per line were used to compute the mean. Based on the 239 means of the RIL population, the SPSS11.5 software (www.spss.com) was used to perform descriptive statistics.
QTL mapping
Based on the means of each line of the population and the genetic map consisting of 101 simple sequence repeat markers and covering 1422.7 cM of the genome (Zhang et al., 2006b) , the QTL that were associated with ear height were identified by composite interval mapping (CIM) with the Windows QTL Cartographer 2.5 software (Wang et al., 2010) using 2.0 cM as the walk speed and a log 10 of odds ratio (LOD) of 2.5 as the QTL significance threshold as described in previous reports (Qi et al., 1998; Gilliland et al., 2006) . Control parameters included the standard CIM model, 5 control markers, 10 cM as the window size, and the forward regression method. The QTL with an LOD value that was greater than the threshold value will be presented, and their position and genetic effects and percentage of phenotypic variation were estimated at the significant LOD peak in the region. Then, the identified QTL were mapped with the Mapchart 2.1 software (Voorrips, 2002) .
RESULTS
Phenotypic observations and statistical analysis
The ear height results showed that the tested lines presented variations. Of the parental lines, the ear height of Mo17 was up to 85.9 cm, which was much higher than that of Huangzao4 (69.2 cm). The descriptive statistics for the RIL population are displayed in Table 1 . The frequency distribution graph of the ear height in the RIL population (Figure 1 ) was consistent with a normal distribution, which suggested that ear height was a quantitative trait and was controlled by multiple genes. 
QTL identification
The Mapping software was used to detect the QTL for ear height. As a result, 1 QTL was detected on chromosome 1 (Qeh) (Figure 2 ) and was flanked by Umc1358 and Phi308707. The QTL could explain 9.55% of the phenotypic variance ( Table 2 ). Because of the additive effect, the QTL could increase ear height by 4.86 cm. According to the phenotypic values of the parental lines and the additive effect value of the QTL, we concluded that the QTL that was identified in this study was from Mo17. 
DISCUSSION
Maize ear height is one of the most important agronomic traits. To realize clearly its genetic basis, an F 9 RIL population consisting of 239 lines that were derived from the cross Mo17 x Huangzao4 was used to detect the QTL for ear height. Our results demonstrated that 1 QTL named Mo17 was mapped on chromosome 1 and was flanked by Umc1358 and Phi308707.
There have been many studies that aimed to identify QTL for ear height in maize (Zhang et al., 2006a; Yang et al., 2008; Bai et al., 2010) , and some QTL were located on different chromosomes of maize. Compared to previous studies, our results were different in terms of QTL number, location, and genetic effects. This probably was caused by differences in the studies, including mapping parents, segregation populations, ecological conditions, and genetic maps.
To be noted, the parental lines in our study were also those that were used to map the QTL for ear height by Lan and Chu (2005) , but we obtained different results, and the main differences were listed in Table 3 . Although both of the QTL on chromosome 1 presented positive affective effects, the two parents provided opposite phenotypic values in the 2 experiments. Mo17 had a lower value for ear height than that of Huangzao4 in Lan and Chu (2005) , while in our study, the phenotypic value of Mo17 was higher that than of Huangzao4. Furthermore, the values of phenotypic variation that were explained by the QTL and the additive effect in our study were much higher than those in their study. Consequently, the two QTL identified by different experiments were different. The mapping distance between QTL and its adjacent markers; LOD = log 10 of odds ratio; R 2 = percentage of phenotypic variance explained by QTL. The QTL that was identified in our study was far away from its adjacent marker, Umc1358, which had a mapping interval of 5 cM. This suggested that the linked marker would not co-segregate with the gene controlling ear height within the QTL, so it cannot directly be used for marker-assisted selection in breeding project. No QTL were detected on other chromosomal regions; the cause of this was probably the too small genetic effects of other loci or wide marker interval for partial regions on the genetic map. Therefore, to map the locus finely and find more loci that are associated with ear height, other molecular markers must be added to the corresponding chromosomal regions. This study is in progress and is based on the immortal RIL population and established genetic map.
In summary, an RIL population that was derived from the cross between Mo17 and Huangzao4 was used to detect the QTL for ear height. Our results showed that 1 QTL mapped to chromosome 1 and had a mapping interval of 5 cM with its linked marker Umc1358. The QTL from Mo17 could explain 9.55% of the phenotypic variance, and because of the additive effect, it could increase ear height by 4.86 cm. This result was beneficial for understanding the genetic basis of ear height in maize.
